In the present work we revisit the simpllfjring assumptions of an earlier theoretical work on the effect of grid misalignment on the performance of planar GPSCs. Experimental results that quantitatively establish this effect are presented. The magnitude of the effect is not as large as predicted due in part to the reduced dependence of the electroluminescence yield on the reduced electric field near threshold and due to electron cloud size. For the reduced fields normally used in the scintillation region of an optimized GPSC, misalignments as large as 3% have less than a 1% effect on pulse-amplitude variations. This effect is less than the statistical fluctuations in the number of primary electrons nominally produced in the absorption of x-rays. For reduced fields closer to the scintillation threshold, 15% variations in pulse amplitudes are possible, although it is unlikely that a GPSC would be operated under those conditions
on energy resolution and linearity as a function of active area. These factors have been identified and examined by other authors [8-1 I].
In the present work, we will report on another important factor that affects the performance of large-area GPSCs, namely, the effects due to misalignments of the scintillation grids.
RATIONALE
For the planar GPSC design shown in Figure 1 , detector performance also depends on the uniformity of the electric field in the scintillation region. Position misalignments of the parallel grids in this region aEect the uniformity of response to the extent that the electric field is perturbed. The problem was first examined in Ref. [12] as a variation in the scintillation output as a hnction of the reduced electric field, E/p, where E is the electric field between the grids and p is the gas pressure. The conclusion reached then was that the effect was significant only for values of E/p near the scintillation threshold, although no experimental results were presented to support this conclusion. We now revisit the simplifying assumptions of the earlier work and present experimental and computational data to quantlfy the magnitude of the &ect of grid misalignment on the performance of a planar GPSC. The results are analyzed and compared with the conclusions of Ref. [12] .
DESCRIPTION
In the electric field of the scintillation region the primary electrons gain enough energy to excite the gas atoms, producing a large number of photons. The dependence of the scintillation yield, Y, in photons per electron per centimeter, on the electric field between the scintillation grids has been studied both experimentally and theoretically [12-141. The reduced yield, Y/p, as a function of the reduced electric field, E/p, in the scintillation region, is depicted in Figure 2 .
The reduced yield behaves approximately linearly with E/p, with a threshold near (~: / p )~ = 1 V-cm-l -torr-'. Below the threshold, the mean kinetic energy of the electrons between collisions is insufficient to excite xenon scintillation This feature is exploited in the drift region where the reduced field is chosen below the scintillation threshold so that detector response is independent of the position at which the x-ray is absorbed. Above 6 Vcm-Itorr-' the ionisation threshold is exceeded and resolution of the GPSC degrades due to the large statistical fluctuations of the charge multiplication process. For optimum GPSC characteristics, the reduced field in the scintillation region is selected for maximum light output, but is kept below the ionisation threshold.
For planar GPSC, the average number of photons produced by one electron crossing the scintillation region is given by For grid misalignments of the type shown in Figure 3 , the variation in the scintillation ANM due to grid spacing variations Ax, can be shown to be approximately [ 121 For a planar GPSC with cylindrical symmetry, the effect of the misalignment would be manifest as a variation in pulse-height amplitude as a function of the azimuthal angle for a fixed value of the radius, r, from the detector axis.
However, equation (2) is an approximation. First of all, the dependence of N on E/p is not strictly linear over its entire range, but has a slower decrease as E/p approaches the scintillation threshold (Figure 2) . Secondly, the finite size and diffusion of the primary electron cloud entering the scintillation region has not been taken into account. Thus, the actual response of a GPSC detector with a misalign grid would be expected to be different from the response predicted by Equation (2). To determine the effect of grid misalignments on GPSC performance, experimental measurements were obtained for two different GPSC designs.
IV. EXPERIMENTAL RESULTS AND ANALYSIS
A 1-mm collimated beam of 5.9-keV x-rays was used to produce pulse-height distributions as a function of E/p in two different planar GPSC detectors. GPSC-1 had gridspacing misalignments of the order of 1 mm at a radial distance of 35 mm, while GPSC-2 had a maximum misalignment error of less than 0.1 mm, at a radial &stances of 35 mm. Measurements were performed for different azimuthal angles, 4, at a fixed radial distance, r = 10 mm, from the cylindrical axis of the detector. At this distance grid-spacing misalignment is about 0.3 mm (3%).
The measured pulse-height amplitudes for each detector are shown in Figures 4a and 4b Azimuthal angle (degrees) Figure 4 : GPSC relative pulse amplitude for 5.9 keV x-rays as a fimction of the azimuthal position of the x-ray interaction point, at a fixed radius of 10 mm, for different reduced electric field E/p in the scintillation region.
In Figure 4a for GPSC-1, the dependence of the scintillation yield on E/p is only significant near the scintillation threshold, as predicted by Equation (2). However, since the detector amplitude variations depicted in Fig. 4a are due to both PMT nonuniformity and grid misalignment effects, it is more illustrative to separate their respective contributions. Since the grid misalignment effect is very small compared to Ph4T nonuniformity, especially for large values of the reduced electric field in the scintillation region. In that case, any amplitude variation for E/p= 5.0 V-cm"-torr-' can be attributed to the PMT contribution which is independent of E/p. Thus, by normalizing the amplitude variations obtained for the dfierent E/p to E/p = 5.0 V-cm'l-torr-', we obtain the contribution due to the grid misalignment for each E/p. The amplitude variations due to this effect are depicted in The resulting detector amplitude variations are due to grid misalignment display a sinusoidal trend with a maximum variation in the 90-270' region, the region of maximum tilt between the grids. The pulse-height amplitude variations attributable to grid misalignment are approximately 15, 12, 6 and 2% for reduced fields of 1.1, 1.2, 1.5 and 3.0 Vcm'ltorr-I, respectively, in the scintillation region. This result is approximately a factor of two less than the prediction of Equation (2) for the lowest value of E/p. The magnitude of the effect is not as large as predicted by Equation (2), 30%, due in part to the reduced dependence on E/p near the scintillation threshold and also due to the electron cloud size.
The data in Figure 4b for the well-aligned grids of GPSC-2, on the other hand, demonstrate no variations in pulse-height amplitude with Q as function of the reduced field, as expected.
V. CONCLUSIONS
For the reduced fields normally used in the scintillation region of an optimized GPSC, the effect of grid misalignments is smaller than was originally predicted. Misalignments as large as 3% (for a radial distance of 10 mm) have less than a 1% effect on pulse-amplitude variations. This effect is less than the statistical fluctuations in the number of primary electrons nominally produced in the absorption of x-rays in the keV energy region. For reduced fields closer to the scintillation threshold, pulseamplitude variations up to 15% are possible, although it is unlikely that a GPSC would be operated under those conditions.
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